Evolution generates and maintains biodiversity and ecosystems
Biodiversity is a product of evolution and, in the broadest sense, includes all biological variation on Earth, present and past. Organisms, the relationships among them, and the relationships between organisms and their abiotic environment are constantly changed by evolution. Given this, it might seem obvious that the principles of evolutionary biology should have a major role in regional planning for land or water uses as well as for managing ecosystems. Thus, an understanding of evolutionary processes necessarily complements current emphasis on their ecological counterparts. It is easy to acknowledge that 'nothing in biology makes sense except in the light of evolution'. However, it is necessary to go beyond the generality of this statement and find ways to apply our understanding of evolutionary processes to the conservation and management of ecosystems (e.g. Sarkar and Margules 2002) .
Incorporating evolution in the valuation of biodiversity for sustainable use
The recognized need for sustainable use while conserving and managing ecosystems creates the need to evaluate the benefits and costs of such use. Biodiversity is notoriously difficult to measure, not only because it is a complex concept involving genetic, species and community or ecosystem diversity, but also because it needs to be considered at different spatial scales. In appraising biodiversity, it is crucial to consider both current and possible future uses of species diversity by humans as well as its evolutionary potential. Typically, valuation exercises focus on current uses, given that future uses are harder to assess.
Another issue in measuring biodiversity arises from the often-used approach that treats groups of taxa with similar traits as a significant functional unit. In this view, particular taxa within functional groups are considered redundant and interchangeable. Such measures necessarily ignore subtle or unrecognized differences within groups that may have crucial roles in the community. For instance, species with similar functional traits but different ecological preferences may be critical in sustaining ecosystem function in the face of environmental change (Isbell 2010) .
Available biodiversity measures are often difficult to translate into meaningful measures for economics. In general, valuation for sustainability involves valuation of economic, socio-cultural and ecological benefits and costs. Of these, the first (economic) can be directly perceived and is relatively easy to valuate, while the other two (socio-cultural and ecological) are less tangible and more difficult to valuate. Ecological benefits are usually viewed in terms of biodiversity and ecosystem services. However, in most valuation exercises the emphasis tends to be on ecosystem services, because biodiversity is difficult to measure and appraise. Furthermore, as mentioned above, biodiversity has benefits that are related not to ecosystem services but to economic or socio-cultural values in the form of biodiversity products or less easily monetized benefits. These difficulties result in lip service to the valuation of biodiversity. A more complete picture is one that integrates functional diversity (and its links to ecosystem process) with species or genetic diversity (with its links to option values). The knowledge of evolutionary processes is critical in providing these links.
The valuation of the potential future uses of species and genetic diversity considers option values. Here, the evaluator tries to take into account the fact that, by preserving biodiversity, choices are increased for using biodiversity in the future. Conserving biodiversity over the long term means we should take into account future, rather than just current, value while deciding whether to exploit a particular biological resource irreversibly. This is the option value of biodiversity conservation. Here, option values are due to two kinds of benefits of biodiversity: those that are presently unknown (or not yet relevant), and those that are expected to emerge from future unpredictable responses to environmental change (Faith 2013) . In conserving biodiversity, we choose to maintain different gene pools, species and communities. This is similar to developing a balanced portfolio of investments, where our intent is to include different kinds of stocks that might react very differently to changes in the financial market. Just as we do not want to put all our resources into a single investment, we do not want to leave the future of life on Earth at the mercy of one or a few species. We also maintain biodiversity in order to have a portfolio of possible future benefits for humans.
A fundamental practical problem with such a valuation system lies in the fact that evolution, a key process for the conservation of ecosystems, is often left out of these calculations. Indeed, while ecological processes are regularly used to model the present and future of ecosystems, evolutionary processes are generally ignored. Evolutionary processes generate biodiversity and shape diversity through natural selection in the face of environmental change and thereby ensure the ability of populations, communities and ecosystems to respond to change.
Evosystem services result from evolutionary mechanisms
The importance of accounting for evolutionary dynamics in the valuation of natural systems has been explicitly included in the concept of 'evosystem services', which are defined as 'all of the uses or services to humans that are produced from the evolutionary process' . Under this concept, evolutionary mechanisms in evosystems are viewed as 'evolutionary factories' that generate two types of evosystem services. The first is an enormous reservoir of current biodiversity that results from past evolution and that is today exploited for food, shelter, clothing, medicine and fuel. This evosystem service is the focus of current attempts to conserve biodiversity and ecosytems, and to enable sustainable development for the future of humankind.
Sustainability underlies the importance given to agro-biodiversity in conservation efforts, especially in developing countries such as India. The vast assemblage of wild relatives of crop plants with valuable variation in traits across and within species, also the result of evolution, is critical for successful domestication and continued exploitation of food and other crop plants (e.g. Arora and Nayar 1984) . The rice variety IR36, released in 1976, incorporated genetic material from 13 parents from six different nations. Critically, it contained a gene for resistance to the Rice grassy stunt virus (RGSV), which came from a single accession of the wild rice, Oryza nivara, collected in Uttar Pradesh. This variety became 'the world's most popular rice' (Ling et al. 1970; IRRI 1982; Brar and Khush 1997) . The significant, and often unpredictable, role of landraces and wild relatives in sustainable agriculture underlies the concern that transgene flow might undermine these evolutionary storehouses of variability (Gepts and Papa 2003, Kumar et al. 2008) . Such direct benefits are obvious and relatively easy to valuate, even if the role of evolution in generating such benefits may be far from obvious.
The second type of evosystem service is constituted by the evolutionary processes themselves, including mutation, selection, genetic drift, speciation, and diversification, that continuously operate and produce new diversity for new uses and new solutions to new problems. These processes may be relatively slow, operating at the longer, classically understood evolutionary tempo, or relatively fast, at ecological time scales, leading to rapid evolution. It is therefore imperative to include the preservation of genetic diversity and evolutionary potential in planning for sustainability. This second type of evosystem service falls into the intangible class of benefits whose importance is becoming more widely recognized in a wide range of situations.
If we consider evolutionary potential, for instance, it is clear that evolutionary responses have been implied to be very important in relation to harvesting (e.g. Hendry et al. 2010) , pollution (Levinton et al. 2003) , invasive species (Cox 2004) , and climate change (Bernardo et al. 2007; Urban et al. 2012) . Evolutionary processes are also crucial in relation to the emergence of infectious diseases (Pybus and Rambaut 2009) , the development of resistance to antibiotics (Davies and Davies 2010) and pesticides (Heap 1997) and GM crops (Tabashnik 2008; Dhurua and Gujar 2011) . These studies reveal a wide range of situations of interest to humans, where the presence of genetic diversity was critical in enabling change, both beneficial and detrimental, over ecological time scales. Over larger time scales, historical evolutionary analyses may reveal unforeseen genetic potential and mechanisms of resilience in the face of environmental change. For instance, phylogeographic studies of the white-bellied shortwing suggest that multiple glacial refugia in the Western Ghats may have driven the current distribution and population structure of these birds (Robin et al. 2010) . Species distribution models over the past 20,000 years suggest that Saxifraga florulenta, a tertiary relictual species endemic to the southwestern Alps, survived in micro-refugia during periods of strongly unfavorable climate and later expanded to newly suitable areas when the climatic conditions changed and became more favourable (Patsiou et al. 2013) . Similarly, on a larger scale, biodiversity in neotropical rainforests is believed to have increased in response to rapid warming driven by increases of CO 2 in the geological past, suggesting that many tropical plant species may already have the genetic variability to cope with climate warming (Jaramillo et al. 2010; Jaramillo and Cardenas 2013) .
When we consider evolutionary heritage, it is clear that knowledge of phylogenetic relationships can inform conservation priorities (Faith 1992; Whiting et al. 2000; Pérez-Losada et al. 2009) . In this context, the 'phylogenetic diversity' (PD) measure, which incorporates phylogenetic and trait differences among species, is particularly useful (Faith 1992 , Forest et al. 2007 . Phylogenetic analyses are successfully used in bioprospecting to determine the potential for new discoveries of piscine venoms (Smith and Wheeler 2006) and natural products from microbes (Pacharawongsakda et al. 2009 ). The importance of traditional knowledge and understanding evolutionary relationships for bioprospecting purposes is also evident. Using a genus-level phylogenetic tree representing 20,000 species from three unrelated floras (Nepal, New Zealand, and the Cape of South Africa), it was shown that the 1500 species used in traditional medicine in the three regions are clustered in the phylogeny. In other words, related plants from the three regions are used to treat similar medical conditions, indicating that the same medical component of these plants was independently discovered (Saslis-Lagoudakisa et al. 2012) . These examples only represent a small fraction of the questions in biodiversity science that can be studied using evolutionary approaches.
Given that the importance of applying evolutionary principles in conservation and human well-being is not yet widely acknowledged, we designed the 'Evolutionary Approaches to Biodiversity Science Training Workshop' (http://www.diversitas-biogenesis.org/). The goal of this workshop is to provide a current outlook on some of the most relevant evolutionary approaches to the study of biodiversity, as well as to exemplify the types of questions that can be addressed through an evolutionary perspective. Workshops have been held in Bonito (Brazil, June 2012) and Banda Aceh (Indonesia, March 2013) in association with meetings of the Association for Tropical Biology and Conservation (ATBC). Following up on the success of the first two editions and based on feedback from trainees, advanced workshops focusing on specific approaches are planned; introductory workshops will continue in different geographic locations.
Our intent is to communicate the fundamental relevance of evolution in the production, maintenance, and future of biodiversity (Donoghue et al. 2009 ). By equipping young biologists with theoretical and methodological tools, we are ensuring that the next generation of biodiversity scientists has the resources to envision and plan for a sustainable, biodiverse future.
